INTRODUCTION
Oral administration of medicine and nutrition is often difficult in terminally ill cancer patients because of progressive difficulties in swallowing, nausea and vomiting, intestinal obstruction, and consciousness disturbance (1) . So, reliable intravenous (IV) access is an important issue in terminally ill cancer patients (2, 3) . However, these terminally ill cancer patients had limited or no peripheral venous access due to edema or thrombophlebitis caused by long-term IV therapy including chemotherapy and blood transfusions. Thus, intravenous access has been provided by central venous catheter (CVC).
There are some options for applying CVC in cancer patients; subclavian venous catheter (SVC), chemo-port (CP), and the peripherally inserted central catheter (PICC). The PICC offers certain advantages over other forms of CVC. PICC shows minimal procedure-related catastrophic risk (e.g., pneumothorax, or hemothrorax) at the time of insertion, because it is inserted via the peripheral vein (usually upper limb) without requiring surgical procedure (4) . Compared with SVC, PICC has a longer dwelling time (5) , and less chance of catheter related blood stream infection (CRBSI) (6) (7) (8) . Compared with CP, PICC has a shorter durability of dwelling (9) , but has many advantages, including cost-effectiveness (5, 7, 8) , well-tolerated insertion (5) , no issues with wound dehiscence in the insertion site, and ease of removal (4) .
Terminally ill cancer patients are vulnerable to minor trauma due to poor performance and general conditions and may have behavior problems due to mental changes or delirium (10) . In addition, most of these patients have a limited survival duration of 1∼2 months. Hence, when considering such aspects of terminally ill cancer patients, safe insertion without procedurerelated complications, comfortable insertion and an intermediate term of IV access maintenance are needed for CVC. So, the PICC might be an attractive alternative methods of CVC.
However, only limited data exist regarding the safety and efficacy of PICC in terminally ill cancer patient with only 1 published study worldwide (11) . In Korean, thus far, only two reports have described PICC in a general oncology setting (9, 12) , and no study has reported in a homogeneous cohort of terminally ill cancer patients. Thus, we conducted the present retrospective cohort study to investigate the safety and efficacy of PICC to provide the guidance for PICC utilization in terminally ill cancer patients.
METHODS

Patients and study design
A retrospective review was conducted on all terminally ill cancer patients who underwent PICC at hospice-palliative part of KEPCO (Korea Electric Power Corporation) Medical Center between January and December 2013. The hospice-palliative part of KEPCO Medical Center is composed of 1 attending physician, 1 social worker and 20 volunteers, and a mean of 6∼7 inpatients are maintained. Inpatients are usually referred from home and institutions of the same city for end-of-life care, intensive symptom control, and/or to provide a family respite. Terminally ill cancer patient represents patient without additional anti-cancer treatment who have an estimated survival of 1∼2 months or less. Of these patients, those who needed an administration of artificial hydration, total parenteral nutrition (TPN), and medication but with limited peripheral line access were recommended for PICC insertion. If the prior PICC was removed by unexpected events or planned discharge, another catheter was placed at a site remote from the original site. For the analysis, we counted each PICC placement as a new event. This study was approved by the institutional review board of KEPCO Medical Center, which waived the requirement for informed consent due to the retrospective design of this study (HIRB-2014-005).
PICC insertion procedure and management
All PICCs were inserted by an interventional radiologist in the angiography room using ultrasound guidance and fluoroscopic imaging. All operators wore aseptic gowns, masks, and gloves, and all of the patients received a dressing with aseptic drapes. Seldinger's technique was used routinely. The PICC lines contained double lumens and were made of second-/ third-generation polyurethane. The location of the catheter tip was confirmed by chest radiography. None of the PICCs was sutured; they were held in place with StatLock Ⓡ Catheter Stabilization Device.
No patient was adminstered prophylactic antibiotics or anticoagulation drugs for infection or thrombosis. Catheter replacement over a guidewire was strictly prohibited at our hospital. All of the patients received a closed dressing dampened with betadine on the catheter insertion site every 3 days.
Catheter monitoring and data collection
We obtained data from the patient's medical records, temperature-pulse-respiratory chart, and daily nurse's checklist to identify patients with an indwelling PICC and reviewed the clinical complications, such as pain, edema, and local systemic catheter-related infections. Microbiology reports were reviewed to identify systemic catheter-related bloodstream infections (CRBSIs). CRBSIs were defined by catheter tip culture and at least one positive peripheral blood culture of the same organism. On suspicion of a catheter-related infection, the line was removed, and the tip was sent for analysis in the microbiology laboratory, whereas routine tip-culture was not performed. Catheter-related thrombosis was suspected when the catheter flow rate was impossible to back flush or when patients complained of arm edema or pain. However, all of the patients who had thrombosis symptoms, with or without a confirmatory test such as Doppler ultrasonography or venography, were in- cluded as having thrombotic complications. Minor complications such as non-specific pain and bruising were not investigated.
Statistical analysis
We summarized the baseline demographics and PICC-related characteristics using descriptive statistics, including medians and ranges. The primary endpoint was the premature removal rate, and the secondary endpoints were the catheter maintenance success rate and complication rate. Premature removal was defined as unintended removal before planed removal such as discharge, transfer, or death. The complication and premature removal rates were each reported as complications per 1,000 PICC days and a simple rate. The catheter maintenance success rate was defined as patients who maintained their catheters for the duration of the intended purpose, such as death, transfer, or discharge. The PICC life span was calculated from the insertion date to the removal date and was assessed using the Kaplan?Meier estimates. Statistical analyses were performed using SPSS version 17.0 (SPSS Inc. Chicago, IL).
RESULTS
Patients and characteristics
A total of 70 terminally ill cancer patients were admitted for hospice-palliative care at KEPCO Medical Center during the study period. Of these, 30 patients underwent PICC insertion. One patient had two PICCs placed during the study period. Thus, 31 episodes of catheterization and a total of 571 PICC days were analyzed. The patient characteristics are listed in Table 1 . The median age was 68 years (range, 50∼90 years), and 20 patients (67%) were male. Twenty-six patients (84%) had solid malignancies, and the others had hematologic malignancies. Twenty-four cases (78%) had an Eastern Cooperative Oncology Group performance status of 3 to 4. Purposes for employment of PICC were as follows: 29 cases for artificial hydration or total parenteral nutrition, and in 14 cases for blood product transfusion. The median time from admission to the hospice-palliative part to PICC insertion was 3.0 days (range, 1 ∼34 days). By the time of the analysis (January 2014), 94%
(29/31) of the cases had died. The median time form hospice-palliative care admission to survival was 29.0 days (95% confidence interval [CI], 19.7∼38.3 days).
PICC maintenance success rate
PICCs were successfully inserted in all of the patients without catastrophic catheter-related immediate-onset complications, such as a hemothorax or a pneumothorax, excluding 3 cases with minimal bleeding. The 3 bleeding cases consisted of 2 cases of hematologic malignancies and 1 case of bleeding just before death, they all had coagulopathy. The two bleeding cases with hematologic malignancies were completely recovered using supportive care such as compression.
The median catheter life span was 14.0 days (95% CI, 9.0∼18.9 days). Twenty five cases of the 31 cases were maintained until the intended time (discharge, transfer, or death). Nineteen PICC cases were maintained until death, 4 cases were transferred to another palliative care hospital, and 1 case was discharged after PICC removal. Thus, the catheter maintenance success rate was 81%.
Complications of PICC and causes for PICC removal
Eight complications (26%, 14.1/1000 PICC days) occurred with the 31 episodes of catheterization. The most frequently documented complication was self-removal in 4 case (13%, 7.0/1000 PICC days), followed by thrombosis in 3 cases (9%, 5.4/1000 PICC days) and CRBSI in 1 case (3%, 1.8/1000 PICC days). Of these 8 cases with complications, 6 cases underwent premature PICC removal (19%, 10.5/1000 PICC days); 4 cases of self-removal (13%, 7.0/1000 PICC days), 1 each had CRBSI and thrombosis ( Table 2 ). The median time from PICC insertion to complication occurrence was 7 days (range, 2∼14 days). No PICC complication-related deaths and no complications in the self-removal cases were noted. The case of CRBSI involved a 74 year-old male patient with lymphoma (diffuse large B-cell lymphoma). He developed fever without other focus on the 16 th day after PICC insertion, and the PICC was removed. Candida was cultured from both peripheral blood and the catheter tip, and thus he was diagnosed with CRBSI and treated with anti-fungal agents for 3 weeks.
DISCUSSION
Although there is controversial issue whether terminally ill cancer patients receiving hospice care should receive routinely parenteral hydration (13) , dehydration might aggravate the symptoms of fatigue, myoclonus, and delirium (14) . In addition, patients need IV administrations of medications for pain, infection, and delirium, so reliable venous access is often the initial therapeutic step in some terminally ill cancer patients (2,3). Our study showed acceptable results in regard to the premature PICC removal rate (19%, 10.5/1000 PICC days), median duration of maintenance (14 days) and complication rate (26%, 14.1/1000 PICC days).
Our study showed no serious procedure-related complication regarding PICC insertion. Converning SVC, catastrophic procedure-related complications such as hemothorax or pneumothorax, were reported in 1.9∼3.7% of patients (15) . Regarding CP, wound dehiscence often occurs in cachexic patients although there is no formal report. Terminally ill cancer patients could encounter fatal consequences due to procedure-related complication, and easily developed wound dehiscence owing to cachexia of them. Our results suggested that PICC can be safely inserted in terminally ill cancer patients.
The total complication rate in our study was less than that of general cancer patients (16) (17) (18) , and similar to that of non-cancer patients (5, 8) . Premature PICC removal rate in our study, representing a definitional complication related end point particularly in the retrospective setting, was also similar to that in other settings (5, (16) (17) (18) . However, most of the premature PICC removals in the present study were self-removals. Only 6% (3.6/1000 PICC days) of all PICCs were removed because of a general complication such as CRBSI and thrombosis, excluding self-removals. This rate was similar to or less than those of other reports in general cancer patients or non-cancer patients (8, 16, 17) . These high rates of PICC self-removal can be explained by delirium, which develops in up to 80∼90% in terminally ill cancer patients (10) . A Previous report that studied PICC in terminally ill cancer patients showed 10% of PICC self-removal, a value similar to that in our study (11) . However, there was no serious problem after self-removal except manageable trivial bleeding. It could be explained as characteristic easy removal, one of the benefits of PICC.
The CRBSI rate in our study was less than that in a general oncology patient setting (9, 16, 17) , and this could be explained by a couple of reasons. First, terminally ill cancer patients have a relatively low risk of severe cytopenia compared with patients with active chemotherapy, even though they are also in an immune-compromised state. Smith et al. showed that chemotherapy was an independent risk factor for PICC-related CRBSI, a finding that can support our interpretation (8) . Second, all cases were performed by an expert interventional radiologist using ultrasonography or fluoroscopic guidance, which may have resulted in fewer CRBSI complications. PICC insertion under strict sterile condition, not via the blinded bedside approach, may decrease immediate procedure-related risks and CRBSI and may increase PICC durability (17, 18) .
Despite the lack of the cancer specific data, current guidelines recommend thromboprophyaxis for hospitalized patients with cancer according to risk stratification of VTE (Venous Thromboembolism) (19) . On the other hand, whether a thromboprophylaxis is needed for cancer outpatients with CVC is a controversial status. Young et al showed no benefit in reduction of symptomatic thrombosis in cancer patients with CVC who underwent thromboprophylaxis using warfarin (20) , while Lavau-Denes, et al showed that thromboprophylaxis using warfarin or low molecular weight heparin showed a benefit (21) . The current study showed that thrombosis-related complication was developed only in 3 cases (9%) in spite of non-routine prophylaxis and hospitalized setting, the number was similar to the those of previous studies about outpatient with CVC (20, 21) . These findings are thought that active chemotherapy, one of thrombogenic risks (22) , was not applicable in the current study, however limited survival of these patients, and a lack of thrombosis work-up due to retrospective analysis might contribute more to the results. Thus, the results of the current study need cautious interpretation. However, considering short durability of CVC due to limited survival in these patients, coexisting coagulopathy in the great majority, and financial problem of some drugs, routine thromboprophylaxis in all of the cases with CVC might be inappropriate, although thromboprophylaxis is considered according to the characteristics of patients.
The current study has the limitation of being a retrospective cohort study. It might cause underestimation of the complication of PICC because asymptomatic patients were excluded (for example, asymptomatic thrombosis or CRBSI without fever). And accurate success rate was not confirmed in the present study. Despite the limitation, in considering the characteristics of terminally ill cancer patients, such as poor general condition, high risk of delirium-induced behavior problems, and a limited period of survival, PICC could be a safe and useful IV access method. To confirm the results of our study, a prospective trial might be warranted. We are currently conducting a multicenter, prospective observational study of PICC in terminally ill cancer patients. The study could provide evidence for IV access strategies for terminally ill cancer patients.
CONCLUSIONS
When considering the characteristics of terminally ill cancer patients, such as a poor general condition, vulnerability to trivial damage, and limited survival period, PICC could be a safe IV access method. 
